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ACCIDENTS FROM HAND AND MECHANICAL LOADING
IN SOME ILLINOIS COAL MINES
I. INTRODUCTION
1. Object of Investigation.-The rapidly increasing use of loading
devices in coal mines has focused a good deal of interest on the effect
mechanical loading is having on underground safety. In the discussion
that has ensued some have held that mechanical loading has increased
the hazards of loading coal, while others uphold the opposite view.
This matter has been argued pro and con among mining men and
in mining meetings everywhere. Since Illinois produces over three
times as much mechanically-mined bituminous coal as any other state,
it seemed logical for an effort to be made here to secure definite in-
formation on the effect mechanical loading is having on accident
experience.
2. General Plan.-Since the object is to compare mechanical-load-
ing accident experiences with corresponding hand-loading accident ex-
periences so as to isolate, or identify, the effect the change from hand
to mechanical loading is having on accident rates, any differences in
other factors which tend to affect safety must be eliminated. Some
such factors are natural conditions within the mine, the management,
the safety organization and discipline, and the character of the miners
themselves. These variables can best be eliminated by comparing the
recent accident experience of a mechanical-loading mine with its own
previous experience under hand loading. In this way the effects of
changes in management, natural conditions, etc., are reduced to a
minimum and confidence can be felt that any differences noted be-
tween the accident experiences of the two periods are due essentially
to the change from hand to mechanical loading and not to other
factors.
While the change from hand to mechanical loading probably affects
the hazards in all phases of underground work, its most marked effect
is unquestionably confined to the loading zone, at or near the faces of
rooms and entries. Here may be applied the most sensitive test for
the effect on underground risks of the change in loading methods;
hence the present report is concerned with what may be called loading
accidents only. These are accidents which occur in or near the load-
ing zone, to men engaged in some phase of loading activity. Inasmuch
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as these accidents far outnumber all others, no appreciable error is in-
troduced in a comparison of accident experiences by ignoring such
minor changes in other types of accidents as may be attributable to
the change from hand to mechanical loading.
3. Acknowledgment.-This investigation was carried on under a
co6perative agreement between the Engineering Experiment Station
of the University of Illinois and the Illinois State Geological Survey,
and has been a part of the regular work of the Engineering Experi-
ment Station of which DEAN MILO S. KETCHUM is the director and
of the Department of Mining Engineering of which PROF. A. C. CAL-
LEN is the head.
Acknowledgment is also made of the cooperation of the operators
who threw open their records and otherwise assisted in this in-
vestigation.
4. Accident Rate Bases.-It is common to express accident rates
on two different bases, production and exposure. Under the former
plan the frequency of accidents is expressed as a rate based on an
arbitrary number of tons of coal produced, and under the latter as a
rate based on an arbitrary number of man-shifts or man-hours of ex-
posure of the workers to the hazard in question. In this report the
two bases used are 100 000 tons of coal, and 100 000 man-hours of
exposure while loading. It is advisable to carry both bases of calcu-
lation simultaneously because each tells its own story. For example,
a reduction in the accident rate on a production basis means that a
given coal consumption is being provided for at a lessened sacrifice
of life and limb. However, it says nothing as to the comparative risk
assumed by a miner in working underground, because the lowering
of the accident rate on a production basis may have been accomplished
entirely by increasing the output of coal per man-hour, and not at all
by reducing the hazards to which the individual workers are exposed,
hour by hour.
II. SOURCES OF DATA
5. Choice of Mines.-To be a source of suitable experience data a
mine should meet the following requirements:
(a) It should have had a reasonably long and practically continu-
ous 100 per cent mechanical-loading history, preceded by a
like hand-loading history.
(b) It should have accurate accident reports, preferably listed
chronologically, covering the periods in question.
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(c) It should have adequate records of the corresponding produc-
tion and exposure.
A statewide survey of mechanical-loading mines narrowed the
choice to seven, all working in the same seam of coal, but distributed
over three counties. Each is designated in this report by an arbitrarily
assigned letter, in a series running from A to G. All of these mines
now use pit-car loaders extensively, but three of them use full-me-
chanical-loading devices as well. The hand-loading experience in-
cluded in this study represents a production of nearly ten million tons,
and the pit-car-loading experience one of over eight million tons. More
than four million mechanically-loaded tons are represented from
Mines C, F, and G.
6. Classification of Loading Devices.-As just indicated, there are
two distinct types of loading devices in common use in Illinois mines:
(1) the pit-car loader, sometimes called the conveyor loader, which
conveys the coal from a low hopper into the pit car, and (2) the full-
mechanical loader which gathers up the coal from the face and loads
it into the car. Since the hopper of the pit-car loader, as it will be
called throughout this report, must be filled by hand shovelling, its
use does not affect loading nearly as much as does the use of full-
mechanical devices, which completely transform the loading process.
For this reason distinction is made throughout the remainder of this
report between pit-car loading on the one hand and full-mechanical
loading on the other, although henceforth the latter will be referred
to simply as mechanical loading.
7. Tabulation of Accident Lists.-At each mine a registry of indi-
vidual accidents is kept in chronological order, which facilitated a
compilation of all the loading accidents, month by month, for the
periods in question. The chosen pit-car- or mechanical-loading period
usually runs from the beginning of exclusive pit-car or combined pit-
car and mechanical loading to a recent date, while the hand-loading
period includes the latest portion of the all-hand-loading experience
during which a tonnage comparable to the total pit-car or mechani-
cally-loaded tonnage was produced. However, in some cases it was not
possible to procure quite so many hand-loading data due to unavail-
ability of the older records, long shut-downs, or other like causes.
In making the accident survey it was necessary to scrutinize the
report of each accident to determine: (1) the occupation of the in-
jured party, i.e., whether he was a loader, driller, etc., (2) what he
was doing at the time of the accident, (3) where the accident hap-
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pened, and (4) the nature and extent of the injury. The second item
is frequently not stated in accident reports and must be inferred, but,
on the whole, with the information as commonly given, one can usu-
ally attribute an accident to loading or otherwise with a good deal of
confidence.
Under hand loading, loading accidents are confined almost entirely
to loaders, as no one else ordinarily engages in a loading activity,
but under pit-car or mechanical loading this is not true, because the
work is more highly organized, and certain auxiliary types of work
have been created to supplant part of the work formerly done by
hand loaders. The most conspicuous of these auxiliary occupations
is that of drilling. Men are engaged to do nothing but drill the shot
holes which the loader would drill himself under hand loading. Then
in most mines additional timbermen have been engaged to keep up
the room timbering, which is normally done by the loader under hand
loading. It is clear that, if we are to get a fair comparison of hand
and other forms of loading, the accidents incurred by such auxiliary
workers, who are doing work formerly done by hand loaders, must be
taken into account; so must their time be taken into account in con-
verting pit-car- or mechanical-loading accident rates to an exposure
basis.
A typical monthly list of one of the mines using both pit-car and
mechanical loaders is shown in Table 1, which is self-explanatory.
The accident history for a given loading period is compiled from a
continuous series of monthly lists of this kind.
In analyzing the data, the accidents were considered in two groups:
(a) all loading accidents appearing in the records, and (b) those which
caused the injured party to lose one or more days from work. The
former are referred to as reported accidents and the latter as lost-
time accidents. Inasmuch as there is more uniformity from mine to
mine in reporting the more serious accidents than the minor ones, the
lost-time accidents have been used as the main basis of this report.
There is general agreement between changes in reported accident rates
and those in the corresponding lost-time accident rates.
8. Production and Exposure Data.-Since it is customary for mines
to tabulate their production by months, no difficulty was encountered
in procuring the monthly tonnages desired.
Exposure, or time, data, were more difficult to get and are probably
somewhat less accurate. While these data were furnished by the
staff at three mines, it was necessary to compile them from the pay-
rolls or daily cost sheets at the other four mines.
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TABLE 1
MONTHLY LIST OF LOADING ACCIDENTS, PIT-CAR AND MECHANICAL LOADING
Days Classi-Occupation Nature of Injury Cause of Accident Lost fication
Timberman heel cut hit by pit-car loader 0 T
Pit-car loader eyebrow cut hit by coal 0 P
Pit-car loader arm bruised falling top coal 0 P
Loading machine
operator arm cut by saw 9 M
Pit-car loader inguinal hernia lifting chunk 0 P
Pit-car loader wrist sprained fell 41 P
Driller side bruised hit by drill post 0 D
Pit-car loader neck broken falling face coal fatal P
Pit-car loader cut leg falling face coal 18 P
Pit-car loader knee bruised falling face coal 20 P
Pit-car loader arm bruised falling face coal 7 P
Pit-car loader hand bruised falling coal 0 P
Pit-car loader foot fractured falling face coal 86 P
Pit-car loader finger mashed caught by pit-car 9 P
loader
Pit-car loader finger bruised caught by pit-car 10 P
loader
Pit-car loader arm bruised coal fell from pit-car 0 P
loader
Pit-car loader scalp wound coal fell from car 0 P
Pit-car loader back strained loading 18 P
Pit-car loader hand bruised falling face coal 0 P
Pit-car loader thumb inflamed undetermined 19 P
Summary
Total
Days
No. Lost
D = drilling accident ........................ 1 0
M = mechanical loading accident.............. 1 9
P = pit-car loading accident.................. 17 228 plus 1 fatal
T = timbering loading accident ............... 1 0
Total............................... 20 237 non-fatal
Under hand loading the only exposure noted was that of the load-
ers, and here it was usually necessary to take the number of starts each
day, estimating each at eight hours of exposure.
Under pit-car and mechanical loading the exposure of the aux-
iliary workers was included in addition to that of the loaders proper.
This presented no difficulty in case of the drillers, as all of their work
except the firing of shots was formerly done by the hand loaders.
In the case of timbermen this is not true, because some timbermen are
engaged primarily in entry maintenance under any method of loading.
Estimates of the proportion of timbermen's time devoted to room tim-
bering under pit-car and mechanical loading vary from mine to mine,
about three-fourths of day-shift timbering being an acceptable figure,
as a rule. With pit-car loading the number of loaders is large in com-
parison with the number of timbermen, so the error in estimating
room-timbering exposure is a comparatively small portion of the total
loading exposure. However, this may not be true in the case of me-
chanical loading, and it is here that great care must be used in esti-
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TABLE 2
PRODUCTION DATA, MINE F
1 2 3 4 5
Month Hand Pit-Car MechanicalMonth Loading Loading Loading Total
No. tons tons tons Tonnage
1 133 641 ........ . 133 641
2 153 394 ...... . . 153 394
3 155 112 ..... ....... 155 112
4-10 none
11 68 530 ...... ...... 68 530
12 68 530 ............ 68 530
13 79 820 ...... ...... 79 820
14 143 016 ...... ...... 143 016
15-31 negligible
32 ...... 34 499 45 847 80 346
33 ...... 38 980 46 058 85 038
34 ...... 39 366 48 026 87 392
35 ...... 28 332 35 244 63 576
36 ...... 41 330 46 117 87 447
37 ...... 54 992 66 435 121 427
38 ...... 47 712 61 907 109 619
39 ...... 30 131 36 876 67 007
40 ...... 18 457 22 139 40 596
41,42 none none none
43 ...... 23 387 24 203 47 590
44 ...... 29 854 33 252 63 106
45 ...... 28 918 32 263 61 181
46 ...... 34 161 45 027 79 188
In Column 1 the calendar months are numbered consecutively from the first month included
under hand loading to the last month included under pit-car and mechanical loading.
mating timbering exposure. Furthermore, in the case of mechanical
loading, the exposure of facemen, underground repairmen, and others
who work underground in attendance on the loading machines and
their operation must be included, in addition to that of the regular
loading machine operators and their helpers.
III. METHOD OF ANALYSIS
9. Typical Set of Data.-The analysis of a full set of data from
Mine F, which is now using both pit-car and mechanical loaders, will
be given. While the experience at this mine is unavoidably too limited
for wholly satisfactory comparisons, it is used in preference to one of
the other two mechanical-loading mines because a more clear-cut
analysis can be made of its data, for purposes of illustrating the gen-
eral method used throughout the investigation.
The production by each of the three different loading methods,
hand, pit-car, and mechanical, is given by months in Table 2, and the
corresponding exposure in man shifts in Table 3. Table 4 shows how
the auxiliary time listed in Table 3 was distributed between pit-car
and mechanical loading according to their respective tonnages. The
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TABLE 3
EXPOSURE DATA, MINE F
(Man-shifts)
1 2 3 4 5 6 7 8 9 10
Mechanical Auxiliary
Month Hand Pit-Car
No. Loading Loading Oper- Face- Repair- Timber- otl
ators men men* Total Drillers men Total
1 11 642 .... .... .... .... .... .... .... .. . '
2 12 466 .. . .... .... .... .. . .... .. . ....
3 11 861 .... .... .... .. . .... .. . .... ....
4-10 none
11 7 924 .... .... .... .... .... .... .... ....
12 8 476 .... .... .. ... .... ...
13 6 950 .. . .... .... . . .... .... . ... . ...
14 12 201 .... .... .... .... .... .... .... ....
15-31 negligible
32 ...... 1877 428 607 120 1155 822 349 1171
33 ...... 2022 402 538 105 1045 845 328 1173
34 ...... 1990 392 480 10Q 972 835 324 1159
35 ...... 1585 288 338 75 701 650 221 871
36 ...... 2160 406 433 105 944 1004 270 1274
37 ...... 2603 510 569 130 1209 1193 352 1545
38 ...... 2360 432 527 110 1069 1000 300 1300
39 ...... 1435 230 304 60 594 511 164 675
40 ...... 937 154 161 40 355 335 111 446
41, 42 ...... -none-
43 ...... 1191 194 268 50 512 422 131 553
44 1582 252 368 65 685 546 161 707
45 ...... 1476 244 362 60 666 508 146 654
46 ...... 1747 298 459 70 827 609 209 818
Column 9 includes day-shift timbermen only.
*5 for each day worked (estimated).
accident data are given in Table 5. The auxiliary (drilling and timber-
ing) accidents of Columns 8-10 of Part B of this table have been
distributed about equally between pit-car and mechanical loading, giv-
ing the latter a little larger number because of its slightly larger ton-
nage. This distribution is shown by the parenthetical figures under
pit-car and mechanical loading. Fortunately, the auxiliary accidents
were so minor in nature as to make their distribution a matter of
little consequence.
10. Calculation of Accident Rates.-The first step in the conver-
sion of these data to frequency and time-lost rates is to calculate the
frequency of hand-loading accidents and the resultant loss of time
on a production basis. This is done in Table 6. The production data
from Table 2 are given in Column 2, and the accident data of Part A
of Table 5 in Columns 3, 7, and 11 of Table 6. While accident data
were available for only seven full working months, yet the hand-
loaded tonnage is in excess of either the pit-car or mechanically-loaded
tonnage. All three are somewhat limited, but it was thought better
to use them than to omit the experience of this mine altogether.
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TABLE 4
EXPOSURE: DISTRIBUTION OF AUXILIARY TIME TO PIT-CAR LOADING AND ME-
CHANICAL LOADING, ACCORDING TO THEIR RESPECTIVE PRODUCTIONS, MINE F
1 2
Month
No.
32
33
34
35
36
37
38
39
4n
Total
Tons
(thou-
sands)
80.3
85.0
87.4
63.6
87.4
121.4
109.6
67.0
An 6
3
Total
Auxil-
iary
Time
(man-
shifts)
1171
1173
1159
871
1274
1545
1300
675
446
4 5
Pit-Car
Loading
Tons
(thou-
sands)
34.5
39.0
39.4
28.3
41.3
55.0
Pro-
Rata
Pit-Car
Loading
Auxil-
iary
Man-
Shifts
503
539
523
388
602
700
47.7 567
30.1 303
18 20onq
6 7 8
Direct
Pit-Car
Loading
Man-
Shifts
1877
2022
1990
1585
2160
2603
2360
1435
937
Residual
Total Me-
Total chanical
Loading
Auxil-
iary
Man-
Shifts
668
634
636
483
672
845
733
372
243
Fit-Car
Loading
Man-
Shifts
2380
2561
2513
2373
2762
3303
2927
1738
114 '
9
Direct
Me-
chanical
Man-
Shifts
1155
1045
972
701
944
1209
1069
594
as55s
10
Total
Me-
chanical
Man-
Shifts
1823
1679
1608
1184
1616
2054
1802
966
598
41,42 -none-
43 47.6 553 23.4 272 1191 1463 281 512 793
44 63.1 707 29.9 335 1582 1917 372 685 1057
45 61.2 654 28.9 309 1476 1785 345 666 1011
46 79.2 818 34.2 353 1747 2100 465 827 1292
Explanation:
Column 2 from Column 5, Table 2 (in thousands of tons and to nearest 100 tons only)
Column 3 = Column 10, Table 3
Column 4 from Column 3, Table 2
Column 5 = Column 3 X Column 4Column 2
Column 6 = Column 3, Table 3
Column 7 = Column 5 + Column 6
Column 8 = Column 3 - Column 5
Column 9 = Column 7, Table 3
Column 10 = Column 8 + Column 9
The total hand-loading production for the period was 801 900 tons.
During this time 145 loading accidents were reported which caused
loss of time, one of these being a fatal accident. The remaining 144
lost-time accidents caused an aggregate loss of 1041 days. The acci-
dent and time-lost totals are converted to accident-frequency and
time-lost rates by dividing each by the total production for the period,
expressed in units of the rate base, 100 000 tons. This rate base was
chosen because it gives about the best balance between the magnitude
of the derived rates and the number of base units developed in a given
set of experience data.
Thus, in the Mine F hand-loading period, 8.019 base units of
100 000 tons of coal each were produced. This divided into 145 gives
the average frequency of lost-time accidents as 18.1 per 100 000 tons.
The average lost-time burden from non-fatal accidents was 130 days
per 100 000 tons. These figures are shown in the line designated
"rate per 100 000 tons." Having thus calculated the average accident
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TABLE 5A
HAND-LOADING ACCIDENTS, MINE F
1 2 3 4
* Number Number
Month Reported Lost-Time Days LostNo. Accidents Accidents
1 107 27 137
2 146 40 209
3 1090 36- 258b
4-10 -none- -none- -none-
11 58 11 96
12 59 13 197
13 66 8 45
14 136 10 99
aIncludes one fatal accident. bExclusive of fatal accident.
TABLE 5B
PIT-CAR AND MECHANICAL-LOADING ACCIDENTS, MINE F
1 2* 3* 4* 5* 6* 7* 8 9 10
Pit-Car Loading Mechanical Loading Auxiliary
Month
No. Number Lost- Number Lost- Number Lost-
Report- Time Days Report- Time Days Report- Time Days
ed Acci- Acci- Lost- ed Acci- Acci- Lost- ed Acci- Acci- Lost0
dents dents dents dents dents dents
32 27(2) 7 57 5(3) 3(1) 289(14) 5 1 14
33 14 4 224 8(1) 0 0 1 0 0
34 18(1) 5 46 6(2) 0 0 3 0 0
35 10(2) 5 42 6(2) 3(1) 15(2) 4 1 2
36 12(3) 3 23 5(3) 0(1) 0(21) 6 1 21
37 25(2) 7 47 6(2) 2 24 4 0 0
38 12(2) 2 47 5(3) 2(1) 9(2) 5 1 2
39 11(1). 7 a  41 b  2(1) 1 7 2 0 0
40 9(1) 2 58 2(1) 0 0 2 0 0
41,42 -none- -none- -none-
43 6(2) 3 19 4(2) 0 0 5 0 0
44 10(3) 2 23 5(3)' 2(1)- 9(21)b 6 1 21
45 12(3) 2(1) 130(6) 1(4) 0(1) 0(6) 7 2 12
46 15(1) 1 2 3(1) 0 0 2 0 0
*Includes one fatal accident.
bExclusive of fatal accident.
'Doctor's prognosis made at time of first treatment. All other "days lost" at this and other
mines represent the time elapsed between the injury and the doctor's release to duty.
*Figures in ( ) Columns 2 to 7, inclusive, represent the distribution of the auxiliary accidents
of Columns 8-10 inclusive.
rates for the period, it is a simple matter to go back through the table
and calculate how many accidents were to be expected each month,
assuming that the average rate for the entire period ruled for each
month. These calculations are shown in Columns 4, 8, and 12 of
Table 6, and the corresponding differences between the observed num-
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 6
HAND-LOADING ACCIDENT EXPERIENCE, PRODUCTION BASIS, MINE F
Seven working months
2
Tons
(thou-
sands)
133.6
153.4
155.1
3 4 5 6
Reported Accidents
Num-
ber Ex-
Ob- pected d dl/e
served
107 113 -6 0.32
146 130 +16 1.97
0no* 132 -9a 4 00
4-10 -none--
11 68.5 58 58 0 0.00
12 68.5 59 58 +1 0.02
13 79.8 66 68 -2 0.06
14 143.0 136 122 +14 1.60
Total 801.9 681* 681 62 7.97
Rate per 100 000 tons 84.9
Probable Error
Stability Index
7 8 9 10
Lost-Time Accidents
Num-
ber Ex-
Ob- pected d d'/e
served
11 12 13
Days Lost
Num-
ber Ex-
Ob- pected d
27 24.2 +2.8 0.32 137 173 -36
40 27.7 +12.3 5.46 209 199 +10
36* 28.0 +8.0 2.29 258 201 +57
11 12.4 -1.4 0.16
13 12.4 +0.6 0.03
8 14.4 -6.4 2.84
10 25.9 -15.9 9.78
145* 145.0 47.4 20.88
18.1
± 1.8
<1
Explanation:
Column 2 from Column 2, Table 2
Column 3 - Column 2, Table 5A
Column 4 = 0.849 X Column 2
Column 5 = Column 3 - Column 4
Column 6 = (Column 5) 2 + Column 4
Column 7 = Column 3, Table 5A
Column 8 = 0.181 X Column 2
Column 9 = Column 7 - Column 8
Column 10 = (Column 9)2 + Column 8
Column 11 = Column 4, Table 5A
Column 12 = 1.30 X Column 2
Column 13 = Column 11 - Column 12
*Including one fatal accident.
96 89 +7
197 89 +108
45 104 -59
99 186 -87
1041 1041 364
130
±14
<1
ber of accidents or days lost and the expected number are given in
Columns 5, 9, and 13. The probable errors of the mean rates are de-
rived from the totals of these "d" columns. These probable errors are
useful in gaging the significance of differences between accident rates
which may be under comparison. Finally, by computing a statistical
stability index from the data by means of the calculations indicated
in Columns 6 and 10 it is possible to judge something as to the de-
gree of stability of occurrence of accidents with respect to produc-
tion -or exposure.
The lost-time rate of 130 days per 100 000 tons does not take into
account the fatal accident, it being impossible to express such an ac-
cident in terms of days lost with any assurance of accuracy, as no one
can say how long the employee might have worked had he not been
killed.
1I
Month
No.
1
2
3 109-1132 -3 4 0
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TABLE 7
HAND-LOADING ACCIDENT EXPERIENCE, EXPOSURE BASIS, MINE F
Seven working months
1 2 3 4 5 7 8 9 11 12 13
Reported Accidents Lost-Time Accidents Days Lost
Man-
Month Hours Number Num- NumberNo. (thou- Ob- Ex- her Ex- Ob- Ex-
sands) served pected d Ob- pected d served pected d
served
1 93.1 107 111 -4 27 23.6 +3.4 137 169 -32
2 99.7 146 119 +27 40 25.3 +14.7 209 181 +28
3 94.9 109* 113 -4 36* 24.0 +12.0 258 173 +85
4-10 -none-
11 63.4 58 75 -17 11 16.0 -5.0 96 115 -19
12 67.8 59 81 -22 13 17.2 -4.2 197 124 +73
13 55.6 66 66 0 8 14.1 -6.1 45 101 -56
14 97.7 136 116 +20 10 24.8 -14.8 99 178 -79
Total 572.2 681* 681 94 145* 145.0 60.2 1041 1041 372
Rate per 100 000 man-hours 119 25.3 182
Probable Error +5.8 ±3.7 ±23
Explanation:
Column 2 from Column 2, Table 3, estimating each man-shift at 8 hours.
Remainder on same principles, Column for Column, as Table 6.
*Including one fatal accident.
The hand-loading accident experience is converted to an exposure
basis in Table 7, which corresponds to Table 6 save for the substitution
of the exposure of loaders in man-hours for tonnage in Column 2, and
the omission of the derivation of the stability index, Columns 6 and 10.
The pit-car-loading accident experience is converted to a produc-
tion basis in Table 8, which corresponds throughout with Table 6,
and to an exposure basis in Table 9 which corresponds to Table 7.
Similarly, the mechanical-loading experience is brought to pro-
duction and exposure bases in Tables 10 and 11, respectively.
11. Severity of Accidents.-Only the severity of the non-fatal ac-
cidents incurred under each loading method remains to be calculated,
by determining the average duration of the injury, as measured by the
time lost from work, due to the injury. This is done for the hand-
loading accidents in Table 12. Column 2 shows the total time lost
from non-fatal accidents during the hand-loading period to have been
1041 days. From Column 6 the total number of non-fatal lost-time
accidents is seen to have been 144, which, divided into 1041, gives an
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TABLE 8
PIT-CAR LOADING ACCIDENT EXPERIENCE, PRODUCTION BASIS, MINE F
Thirteen working months
1 2 3 4 5 6
Reported Accidents
M t Tons
Mont (thou- Num-No. sands) ber Ex-
Ob- pected d d2/e
served
32 34.5 29 15.7 +13.3 11.30
33 39.0 14 17.7 -3.7 0.77
34 39.4 19 17.9 +1.1 0.07
35 28.3 12 12.8 -0.8 0.05
36 41.3 15 18.7 -3.7 0.73
37 55.0 27 25.0 +2.0 0.16
38 47.7 14 21.7 -7.7 2.74
39 30.1 12* 13.6 -1.6 0.19
40 18.5 10 8.4 +1.6 0.31
41,42 -none-
43 23.4 8 10.6 -2.6 0.64
44 29.9 13 13.6 -0.6 0.03
45 28.9 15 12.8 +2.2 0.38
46 34.2 16 15.5 +0.5 0.02
Total 450.2 204* 204.0 41.4 17.38
Rate per 100 000 tons 45.4
Probable Error ± 3.7
Stability Index 12
7 8 9 10
Lost-Time Accidents
Num-
ber Ex-
Ob- pected
served
7 3.9
4 4.4
5 4.5
5 3.2
3 4.7
7 6.2
2 5.4
7* 3.4
2 2.1
3 2.6
2 3.4
3 3.3
1 3.9
51* 51.0
d'/e
11 12 13
Days Lost
Num-
ber Ex-
Ob- pected d
served
I I
2.46 57 60 -3
0.03 224 66 +158
0.06 46 67 -21
1.01 42 48 -6
0.62 23 70 -47
0.10 47 94 -47
2.14 47 81 -34
3.82 41 51 -10
0.0 58 31 +27
0.06
0.58
0.03
2.16
13.07
11.3
±1.8
35
Explanation:
Column 2 from Column 3, Table 2
Column 3 from Column 2, Table 5B
Column 7 from Column 3, Table 5B
Column 11 from Column 4, Table 5B
Remainder on principles of Table 6.
*Including one fatal accident.
19 40 -21
23 50 -27
136 49 +87
2 58 -56
765 765 544
170
+48
<1
average time lost of 7.23 days per lost-time accident. This being the
case, with 27 accidents reported in the first month, there should be
27 X 7.23 = 195 days lost for that month, as shown in Column 7.
However, only 137 days were actually lost from accidents incurred in
that month, so the difference is 58 as shown in Column 8. Carrying
these calculations through month for month the probable error of the
average duration of reported accidents is found to be but ± 0.15 days.
The severity of the pit-car- and mechanical-loading accidents is simi-
larly derived in Tables 13 and 14, respectively.
[ k
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TABLE 9
PIT-CAR LOADING ACCIDENT EXPERIENCE, EXPOSURE BASIS, MINE F
Thirteen working months
2 3 4 5
Reported Accidents
Man-
1
Month
No.
32
33
34
35
36
37
38
39
40
41. 42 -none-
Num-
ber Ex-
Ob- pected
served
29 16.7
14 18.0
19 17.7
12 16.7
15 19,5
27 23.3
14 20.6
12* 12.2
10 8.1
d
+12.3
-4.0
+1.3
-4.7
-4.5
+3.7
-6.6
-0.2
+11 9
43 11.7 8 10.3 -2.3
44 15.3 13 13.5 -0.5
45 14.3 15 12.6 +2.4
46 16.8 16 14.8 +1.2
Total 231.8 204* 204.0 45.6
Rate per 100 000 man-hours 88.1
Probable Error ± 11
7 8 9
Lost-Time Accidents
Num-
ber Ex-
Ob- pected
served
7 4.2
4 4.5
5 4.4
5 4.2
3 4.8
7 5.8
2 5.2
7* 3.1
2 2o0
d
+2.8
-0.5
+0.6
+0.8
-1.8
+1.2
-3.2
+3.9
0.0
3 2.6 +0.4
2 3.4 -1.4
3 3.1 -0.1
1 3.7 -2.7
51* 51.0 19.4
22.0
±4.7
11 12 13
Days Lost
Num-
ber Ex-
Ob- pected d
served
57 63 -6
224 68 +156
46 66 -20
42 63 -21
23 73 -50
47 87 -40
47 77 -30
41 46 -5
58 30 +28
19 39 -20
23 51 -28
136 47 +89
2 55 -53
765 765 546
330
±131
Explanation:
Column 2 from Column 7, Table 4, estimating each man-
shift at 8 hours. Remainder on principles of Table 6.
*Including one fatal accident.
IV. COMPARISON OF RESULTS
12. Mine F.-Having thus derived the lost-time accident frequen-
cies and the time lost both on production and exposure bases, and the
average severity of accidents, comparison can be made of the results
under the three loading methods, hand, pit-car, and mechanical. This
is done on a production basis in Table 15. Under pit-car loading the
frequency of lost-time accidents is reduced 6.8 per 100 000 tons, which
is a 37.6 per cent reduction from the hand-loading rate. At the same
time mechanical loading has cut the lost-time accident rate to only
3.50 per 100 000 tons. This is 80.7 per cent under the former hand-
loading rate of 18.1 lost-time accidents per 100 000 tons.
Hours
(thou-
sands)
19.0
20.5
20.1
19.0
22.1
26.5
23.4
13.9
9.2 ý1 9 .41.42 --none--
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TABLE 10
MECHANICAL-LOADING ACCIDENT EXPERIENCE, PRODUCTION BASIS, MINE F
Thirteen working months
3 4 5 6
Reported Accidents
8
9
8
8
8
8
8
3
3
7.3
7.3
7.6
5.6
7.3
10.5
9.8
5.9
3.5
+0.7
+1.7
+0.4
+2.4
+0.7
-2.5
-1.8
-2.9
-0.5
0.07
0.40
0.02
1.03
0.07
0.60
0.33
1.43
0.08
41,42 -none-
43 24.2 6 3.8 +2.2 1.27
44 33.3 8* 5.2 +2.8 1.51
45 32.3 5 5.1 -0.1 0.0
46 45.0 4 7.1 -3.1 1.35
Total 543.3 86* 86.0 21.8 8.16
Rate per 100 000 tons 15.8
Probable Error +1.5
Stability Index 75
7 8 9 10
Lost-Time Accidents
Num-
ber Ex-
Ob- pected
served
d d
+2.4
-1.6
-1.7
+2.7
-0.5
-0.3
+0.8
-0.3
-0.8
0 0.9 -0.9 0.90
3* 1.2 +1.8 2.70
1 1.1 -0.1 0.01
0 1.5 -1.5 1.50
19* 19.0 15.4 18.97
3.50
±1.3
9
11 12 13
Days Lost
419 419 546
77.2
±37
<1
Explanation:
Column 2 from Column 4, Table 2.
Column 3 from Column 4, Table 5B
Column 7 from Column 6, Table 5B
Column 11 from Column 7, Table 5B.
*Including one fatal accident.
An adverse change is indicated for the time lost due to non-fatal
pit-car loading accidents, as the average rate is 40 days per 100 000
tons above that of hand loading. On the other hand mechanical load-
ing has effected a 55.8 per cent reduction from the hand-loading rate in
the amount of time lost from non-fatal accidents. Oddly enough, one
fatal accident was incurred under each of the three loading methods.
The comparison is continued on an exposure basis in Table 16.
Here it is shown that mechanical loading has effected a 46.2 per cent
reduction in lost-time accidents per 100 000 man-hours. The reduc-
tion of 3.3 lost-time accidents per 100 000 man-hours noted under
pit-car loading is 13.0 per cent of the hand-loading rate. There was an
increase in the time lost per 100 000 man-hours under both methods
of loading.
1
Month
No.
32
33
34
35
36
37
38
39
40
Tons
(thou-
sands)
45.8
46.1
48.0
35.2
46.1
66.4
61.9
36.9
22.1
!
3 3.5 -0.5 0.08
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TABLE 11
MECHANICAL-LOADING ACCIDENT EXPERIENCE, EXPOSURE BASIS, MINE F
Thirteen working months
1 2 3 4 5 7 8 9 11 12 13
Reported Accidents Lost-Time Accidents Days Lost
Man-
Month Hours
No. (thou- Number Number Number
sands) Ob- Ex- d Ob- Ex- d Ob- Ex- d
served pected served pected served pected
32 14.6 8 9.0 -1.0 4 2.0 +2.0 303 43.7 +259.3
33 13.4 9 8.2 +0.8 0 1.8 -1.8 0 40.1 -40.1
34 12.9 8 7.9 +0.1 0 1.7 -1.7 0 38.6 -38.6
35 9.5 8 5.9 +2.1 4 1.3 +2.7 17 28.5 -11.5
36 12.9 8 7.9 +0.1 1 1.7 -0.7 21 38.6 -17.6
37 16.4 8 10.1 -2.1 2 2.3 -0.3 24 49.1 -25.1
38 14.4 8 8.9 -0.9 3 1.9 +1.1 11 43.1 -32.1
39 7.7 3 4.8 -1.8 1 1.0 0.0 7 23.1 -16.1
40 4.8 3 2.9 +0.1 0 0.7 -0.7 0 14.4 -14.4
41, 42 -none-
43 6.4 6 3.9 +2.1 0 0.9 -0.9 0 19.2 -19.2
44 8.5 8* 5.2 +2.8 3* 1.2 +1.8 30 25.5 +4.5
45 8.1 5 5.0 0.0 1 1.1 -0.1 6 24.3 -18.3
46 10.3 4 6.3 -2.3 0 1.4 -1.4 0 30.8 -30.8
Total 139.9 86* 86.0 16.2 19* 19.0 15.2 419 419.0 527.6
Rate per 100 000 man-hours 61.5 13.6 299
Probable Error ±8.8 ±8.3 ±283
Explanation:
Column 2 from Column 10, Table 4, estimating each man-
shift at 8 hours.
*Including one fatal accident.
Finally, a comparison of the severity of the non-fatal accidents
incurred under the different methods of loading is shown in Table 17.
The hand-loading accidents are much less severe than the pit-car or
mechanical-loading accidents, the latter being the most severe.
Summing up the results for Mine F it can be said that, on a produc-
tion basis, the frequency of accidents is only from one-half to two-
thirds as high under pit-car as it was under hand loading and only
about one-fifth as high under mechanical loading as under hand
loading. The time lost from non-fatal loading accidents was a little
greater under pit-car than under hand loading, while under mechani-
cal loading less time was lost per. 100 000 tons than under hand
loading.
On an exposure basis, a slight reduction in the frequency of acci-
dents is indicated for pit-car loading, while there was nearly a 50
per cent reduction in the frequency of mechanical loading accidents
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TABLE 12
SEVERITY OF NON-FATAL HAND-LOADING ACCIDENTS, MINE F
Seven working months
1 2 3 4 5 6 7 8
Reported Accidents Lost-Time Accidents
Month Days
No. lost Number Expected Number Expected
Observed Days Lost 
d  Observed Days Lost d
1 137 107 164 -27 27 195 -58
2 209 146 224 -15 40 289 -80
3 258 108 165 1 +93 35 253 +5
4-10 -none-
11 96 58 89 +7 11 80 +16
12 197 59 90 +107 13 94 +103
13 45 66 101 -56 8 58 -13
14 99 136 208 -109 10 72 +27
Total 1041 680 1041 414 144 1041 302
Days lost per accident 1.53 7.23
Probable Error +0.02 +0.15
Explanation:
Column 2 = Column 4, Table 5A
Column 3 = Column 2, Table 5A
Column 4 = 1.53 X Column 3
Column 5 = Column 2 - Column 4
Column 6 = Column 3, Table 5A
Column 7 = 7.23 X Column 6
Column 8 = Column 2 - Column 7
as compared with hand loading. As to the time lost from non-fatal
accidents per 100 000 man-hours, an increase is indicated for both
pit-car and mechanical loading, as compared with the hand-loading
rate. This is due to a marked increase in the severity of accidents
under both methods of loading as compared with the previous hand-
loading experience. On the whole, it can be said that both pit-car and
mechanical loading have decreased the frequency of accidents
markedly on a production basis. This is also true of mechanical load-
ing on an exposure basis, while pit-car loading seems to have resulted
in a slight decrease on this basis. The worst feature of both methods
is the marked increase in the severity of loading accidents at this mine.
13. All Pit-Car Loading Mines.-The data for each of the remain-
ing six mines were analyzed just as for Mine F, save that for four of
them there are no mechanical loading data. The essential pit-car-
loading rates are given in comparison with their corresponding hand-
loading rates in Table 18, which represents the tabulation and analysis
of more than 2 600 lost-time loading accidents.
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TABLE 13
SEVERITY OF NON-FATAL PIT-CAR-LOADING ACCIDENTS, MINE F
Thirteen working months
1 2 3 4 5 6 7 8
Reported Accidents Lost-Time Accidents
Month Days
No. Lost Number Expected Number Expected
Observed Days Lost d Observed Days Lost d
32 57 29 109 -52 7 106 -49
33 224 14 53 +171 4 61 +163
34 46 19 72 -26 5 77 -31
35 42 12 45 -3 5 77 -35
36 23 15 56 -33 3 46 -23
37 47 27 102 -55 7 106 -59
38 47 14 53 -6 2 31 +16
39 41 11 42 -1 6 92 -51
40 58 10 38 +20 2 31 +27
41, 42 -none-
43 19 8 30 -11 3 46 -27
44 23 13 49 -26 2 31 -8
45 136 15 56 +80 3 46 +90
46 2 16 60 -58 1 15 -13
Total 765 203 765 542 50 765 592
Days lost per accident 3.77 15.3
Probable Error +0.16 ±1.4
Explanation:
Column 2 from Column 4, Table 5B
Column 3 from Column 2, Table 5B
Column 6 from Column 3, Table 5B
Otherwise analagous to Table 12
Considering Item 1, lost-time accidents per 100 000 tons, it is
found that the hand-loading accident-frequency rate for the seven
mines ranges from 11.8 to 30.2. The corresponding pit-car-loading rate
ranges from 8.1 to 16.2 lost-time accidents per 100 000 tons. Pit-car
loading shows a lower lost-time accident-frequency rate on a produc-
tion basis for all but two of the mines. At the five mines showing
improvement over hand loading, the improvement ranges from 28.0
per cent to 52.0 per cent. The average relative change for all seven
mines was an improvement of 15.3 per cent.
The time lost (Item 2) from the non-fatal accidents was very vari-
able. Under hand loading it ran from 130 to 969 days lost per 100 000
tons. Under pit-car loading 124 and 632 days lost per 100 000 tons
were the extreme rates. Some of the rates involving time lost from
pit-car loading are subject to slight correction, because of the un-
avoidable inclusion of one or more accidents of estimated duration.
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TABLE 14
SEVERITY OF NON-FATAL MECHANICAL-LOADING ACCIDENTS, MINE F
Thirteen working months
1
Month
No.
32
33
34
35
36
37
38
39
40
2
Days
Lost
303
0
0
17
21
24
11
7
0
3 4 5
Reported Accidents
Number Expected
Observed Days Lost
8 39
9 45
8 39
8 39
8 39
8 39
8 39
3 15
3 15
41, 42 -none-
43 0 6 30
44 30 7 35
45 6 5 25
46 0 4 20
Total 419 85 419
d
+264
-45
-39
-22
-18
-15
-28
-8
-15
-30
-5
-19
-20
528
Days lost per accident 4.93
Probable Error ±0.57
6 7 8
Lost-Time Accidents
Number
Observed
4
0
0
4
1
2
3
1
0
0
2
1
0
Expected
Days Lost
93
0
0
93
23
47
70
23
0
0
47
23
0
d
+210
0
0
-76
-2
-23
-59
-16
0
0
-17
-17
0
18 419
23.3
±4.7
Explanation:
Column 2 from Column 7, Table 5B
Column 3 from Column 5, Table 5B
Column 6 from Column 6, Table 5B
Otherwise analagous to Table 12
TABLE 15
COMPARISON OF LOADING ACCIDENT EXPERIENCES,
PRODUCTION BASIS, MINE F
1 2 3 4 5 6 7
Source, Rate per Per Cent
Item Loading Table 100 000 Probable Differ- Differ-Method Number Tons Error ence ence
Reported pit-car 8 45.4 ± 3.7 -39.5 -46.5
Accidents hand 6 84.9 ± 2.3 -69.1 -81.3
mechanical 10 15.8 ± 1.5
Lost-Time pit-car 8 11.3 ± 1.8 - 6.8 -37.6
Accidents hand 6 18.1 ± 1.8 -14.6 -80.7
mechanical 10 3.50 ± 1.3
Days Lost pit-car 8 170 ± 48 +40*
hand 6 130 ±14 -55.8*
mechanical 10 77.2 ±37 -.....
Explanation:
Column 6 - difference between hand-loading rate and corresponding pit-car- or mechanical-
loading rate as indicated; " -" indicates a reduction favoring pit-car- or mechanical-loading.
Column 7: difference of Column 6 is expressed as a percentage of the hand loading rate.
*Difference statistically insignificant.
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TABLE 16
COMPARISON OF LOADING ACCIDENT EXPERIENCES,
EXPOSURE BASIS, MINE F
1
Item
Reported
Accidents
Lost-Time
Accidents
Days Lost
2
Loading
Method
pit-car
hand
mechanical
pit-car
hand
mechanical
pit-car
hand
mechanical
3
Source,
Table
Number
9
7
11
9
7
11
9
7
11
4
Rate per
100 000
man-hours
88.1
119
61.5
22.0
25.3
13.6
330
182
299
*Difference statistically insignificant.
5
Probable
Error
+ 11 }
S5.81
+ 8.8;
± 4.7}
S3.71
± 8.3
+131 }
± 23 }
+283
6
Differ-
ence
-30.9
-57.5
-3.3*
-11.7
+148*
+117*
7
Per Cent
Differ-
ence
-26.0
-48.3
-13.0
-46.2
TABLE 17
COMPARISON OF SEVERITY OF NON-FATAL ACCIDENTS, MINE F
Item
Reported
Accidents
Lost-Time
Accidents
2
Loading
Method
pit-car
hand
mechanical
pit-car
hand
mechanical
3
Source,
Table
Number
13
12
14
13
12
14
4
Number
of
Accidents
203
680
85
50
144
18
5
Days Lost
per
Accident
3.77
1.53
4.93
15.3
7.23
23.3
6
Probable
Error
+0.16}
+0.02
±0.571
±1.4
+0.151
±4.7 1
7
Differ-
ence
+2.24
+3.40
+8.07
+16.07
Three of the mines showed improvement under pit-car loading as to
time lost on a production basis. On the average there was an increase
of 26.8 per cent in this rate.
Considering things from the viewpoint of exposure to hazards,
rather than from a production standpoint, the frequency rates per
100 000 man-hours are given in Item 3. For hand loading the lost-
time accidents per 100 000 man-hours ranged from 16.5 to 25.5. Under
pit-car loading this frequency rate ranged from 15.1 to 30.4. While
the average change was an increase of 16.8 per cent in the frequency
of lost-time accidents per 100 000 man-hours, yet three of the mines
showed an improvement in this respect under pit-car loading. This
shows that there is no increased hazard inherent in pit-car loading
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MVon0th N/tMIber
FiG. 1. TREND OF PIT-CAR-LOADING ACCIDENT FREQUENCIES, MINE D
which cannot be overcome so as to make it even safer than hand
loading, on either basis of comparison. In general the indications
from Items 1 and 3 are that the substitution of pit-car loading for
hand loading has had a tendency to decrease the frequency of ac-
cidents on a production basis, but to increase their frequency on an
exposure basis. This is due to an increase in the efficiency of loading
with pit-car loaders, which permits the production of a greater amount
of coal with a smaller amount of underground exposure.
However, Table 18 does not allow for a favorable trend noted in the
pit-car-loading accident experience at Mine D, which brings the fre-
quency of its lost-time pit-car-loading accidents, as of the close of the
period under investigation, down to 21.4 per 100 000 man-hours, as
contrasted with an average rate of 30.4 accidents per 100 000 man-
hours for the period without allowing for the trend.
This trend is illustrated in Fig. 1, where the lost-time accident
rates are plotted by months, on both the production and exposure
bases. The two curves are much alike in appearance, as is to be ex-
pected, and both are very irregular. Nevertheless, a decided down-
ward slant is apparent in them, and analysis shows it to be sufficiently
pronounced to be represented by the straight trend lines shown in the
figure. The lower one (production basis) shows the lost-time accident-
frequency rate to be decreasing at an average rate of 0.56 accident
per 100 000 tons each month. This is nearly 3.5 per cent of the aver-
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age rate for the period, of 16.2 lost-time loading accidents per 100 000
tons. Similarly the upper trend line (exposure basis) shows the lost-
time accident rate to be decreasing at a rate of nearly 1.0 lost-time
loading accident per 100 000 loading man-hours per month.
While there were suggestions of similar trends at one or two of
the other mines, none were sufficiently pronounced to yield a definite
trend in accident rates as at Mine D. The reasons for this instance
are not apparent, although it seems likely that it is largely a matter
of the management and men getting used to the new order of things,
and working more safely on the whole as time goes on. Why the same
effect has not appeared more clearly at other mines is puzzling, ex-
cept that it should be noted that for three of the mines the average
frequency rate on an exposure basis for their entire periods was lower
than that. attained by Mine D at the close of its period. This means,
of course, that the opportunity for improvement at Mine D was much
greater than at these other mines.
Turning to Item 4, Table 18, it is seen that the time lost on an ex-
posure basis ranged from 182 to 621 days lost per 100 000 man-hours
under hand loading. Under pit-car loading it ranged from 235 to 1194
days lost per 100 000 man-hours. For all seven mines there was an
average increase in time lost per 100 000 man-hours of 80.7 per cent
over hand loading. Only Mine A showed a decrease in this item.
On the whole, this is a bad showing for pit-car loading on an ex-
posure basis, a showing which is more sharply defined by a considera-
tion of the severity of the accidents (Item 5). For the seven mines,
the average time lost per accident ranged from 7.23 to 32.1 days under
hand loading, and from 14.6 to 43.5 days under pit-car loading. At
Mine A there was a decrease of 24.4 per cent in severity under pit-
car loading while at the other mines the increase ranged from 35.0 to
111.6 per cent.
14. Mechanical-Loading Mines.-The mechanical-loading accident
experience is similarly compared with the hand-loading experience in
Table 19, only the three mechanical-loading mines being included, of
course. On a production basis the odds are overwhelmingly in favor of
mechanical loading.
On an exposure basis there was an improvement in the frequency
of lost-time accidents under mechanical loading as compared with
hand loading, the average being 21.3 per cent of the hand-loading rate.
The time-lost rate is not consistent with this however, being unfavor-
able to mechanical loading at Mines.F and G.
ACCIDENTS FROM LOADING IN SOME ILLINOIS COAL MINES
TABLE 19
COMPARISON OF MECHANICAL- AND HAND-LOADING ACCIDENT RATES,
MECHANICAL-LOADING MINES
Item
1. Lost-Time Accidents
per 100 000 Tons
2. Days Lost
per 100 000 Tons
3. Lost-Time Accidents
per 100 000 Man-Hours
4. Days Lost
per 100 000 Man-Hours
5. Days Lost per Lost-
Time Accident
6. No. of Fatal Loading
Accidents
2 3 4 5 6
Loading Mine Mine Mine Aver-
Method C F G age
hand 30.2 18.1 15.4 17.65
mechanical 1.3 3.5 3.6 2.99
differences -28.9 -14.6 -11.8 -14.66
percent
differenceb -95.4 -80.7 -76.7 -83.1
hand 969 130 261 316
mechanical 22.3 77 108 82
difference -947 -53 -153 -234
percent
difference -97.7 -40.8 -58.7 -74.1
hand 19.35 25.3 16.5 18.3
mechanical 8.27 13.6 16.4 14.4
difference -11.08 -11.7 -0.1. -3.9
percent
difference -57.3 -46.2 -0.6 -21.3
hand 621 182 279 328
mechanical 142 299 496 397
difference -479 +117* +217* +69
percent
difference -77.2 +64.3 +77.8 +21.0
hand 32.1 7.23 16.9 17.95
mechanical 17.2 23..3 30.2 27.68
difference -14.9 +16.1* +13.3 +9.73
percent
difference -46.4 +223 +78.7 +54.30
hand 1 1 0
mechanical 0 1 0
Explanation:
The hand- and mechanical-loading rates of Column 6 were derived by dividing the total number of
lost-time accidents or days lost, for the three mines, by their total tonnage or exposure, as indicated.
*Indicates a reduction, favoring mechanical loading.
bpercentage of hand-loading rate.
*Difference statistically insignificant.
TABLE 20
STABILITY OF ACCIDENTS, VALUES OF STABILITY INDEX FOR ALL MINES
Loading Mine Mine Mine Mine Mine Mine Mine
Item Method A B C D* E F G
1. Reported Accidents hand 33 92 7 40 1.5 22 17
per 100 000 Tons pit-car 85 75 60 7(32) 3 12
mechanical .. .. 50 . . .. 75
2. Lost-Time Accidents hand 22 71 3 4 6 <1 92
per 100 000 Tons pit-car 22 15 40 4(25) 6 40 40
mechanical .. .. 60 .. .. 9 83
*Figures in () allow for trend, as of recent date.
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The record is mixed with respect to the severity of lost-time ac-
cidents, also, there being a reduction of 46.4 per cent in their average
severity at Mine C, while it increased sharply under mechanical load-
ing at the other two mines. Aside from this increase in the severity of
loading accidents and in the resulting time lost on an exposure basis
at Mines F and G, mechanical loading showed a decided improvement
over hand loading.
15. Stability of Accident Frequencies.-Some discussion of the
comparative stability of the occurrence of accidents with respect to
production at the different mines may be of interest at this point.
Table 20 gives the values of the stability index for both reported and
lost-time accidents under the different loading methods appropriate
to each mine. The nature of this index is such that it is higher, the
more closely the occurrence of accidents is in harmony with produc-
tion from month to month. High values of the index indicate a good
stability of accidents while low values indicate the reverse. If values
of the index greater than 10 are regarded as indicating a satisfactory
order of accident stability, and lower values as indicating instability,
it is found that conditions at the seven mines represented in Table
20 are quite mixed from mine to mine, but that a given mine seems to
exhibit some uniformity in this respect, e.g., conditions at Mines A
and B are quite satisfactory, as they are at Mine C under pit-car and
mechanical loading. However, the hand-loading experience at Mine
C was quite unstable, so there has been a decided improvement in this
mine in this regard. At Mine D somewhat the reverse seems to be true,
until allowance is made for the favorable trend in accident frequencies
under pit-car loading. Mine E is the poorest as regards the stability of
accident occurrence, and a study of Table 18 shows it to be near the
top of the list, not only in accident frequencies but in time lost and the
severity of accidents as well.
Mine F was one of rather favorable accident rates but of limited
experience, which may account for some of its low stability indica-
tions, although its showing is quite creditable on the whole. While
only partial data are available for Mine G due to incomplete tabula-
tion of its no-lost-time accidents, its later experience with pit-car
and mechanical loading shows very good stability.
V. CAUSES AND EFFECTS OF ACCIDENTS
16. Frequency and Severity of Accidents by Groups.-An attempt
was made to determine the most frequent causes of accidents, and the
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nature of the more common injuries, by tabulating the lost-time ac-
cidents for each mine-loading condition according to their causes and
effects. The accidents were classified into ten major groups according
to causes as follows:
I. Falls of coal or rock
II. Rolling or sliding coal or rock
III. Injured party fell or stumbled
IV. Flying particles and foreign bodies
V. Hit or caught by tools; pick, axe, drills, rails, props, etc.
VI. Hit or caught by loading device
VII. Hit or caught by pit car or under cutting machine
VIII. Actions producing sprains and strains
IX. Contacts resulting in cuts and bruises, not otherwise
classified
X. Burns and shocks
Similarly the parts of the body have been divided into 14 groups,
and the accidents also classified according to the part injured. These
parts are:
a. Head and face
(excepting eyes)
b. Eyes
c. Neck and shoulders
d. Arms
e. Wrists and hands
f. Fingers and thumbs
g. Back
h. Chest
i. Sides
j. Abdomen
k. Hips and pelvis
1. Legs
m. Ankles and feet
n. Toes
Such a scheme brings to light any tendency for a given kind of acci-
dent to injure a certain part of the body, such as strains of the back,
eye injuries due to flying particles, etc.
Table 21 reviews the three groups of highest accident frequency
for each of five mines under hand and pit-car loading. Mines A and
B could not be included because the nature of the injury was not noted
in reviewing their accident data. A glance at the table shows back
strains (Group VIIIg) to be the most numerous at every mine under
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TABLE 21
ACCIDENT GROUPS OF HIGHEST FREQUENCY, MINES C-G
Hand Loading Pit-Car Loading
Mine Order of
Mine Frequency Percentage Relative Percentage Relative
Group of Accidents Severity Group of Accidents Severity
C 1st VIIIg 16.4 0.44 VIIIg 10.1 0.34
2nd Ib 7.9 0.37 Im 7.1 0.92
3rd II 5.0 2.27 IVb 6.1 0.45
Total 29.3 23.3
D 1st VIIIg 14.1 0.85 Im 9.84 1.46
2nd IVb 10.5 0.54 VIIIg 9.45 0.80
3rd In 5.5 0.73 IVb 7.48 0.28
Total 30.1 26.77
E 1st VIIIg 9.25 0.77 VIIIg 11.4 0.41
2nd IVb 9.25 0.35 II 9.7 2.31
3rd II 8.00 2.72 Im 9.2 1.47
Total 26.5 30.3
F 1st VIIIg 16.0 0.98 In 12.2 0.96
2nd In 9.7 0.45 Im 12.2 0.44
3rd II 5.6 1.46 VIIIg 10.2 0.21
Total 31.3 34.6
G 1st VIIIg 11.2 0.74 In 9.1 1.41
2nd IVb 8.7 0.44 VIIIg 7.4 0.52
3rd IXn 7.5 0.67 ...... * 5.8 ....
Total 27.4 22.3
Explanation:
Ib = eye injuries from falls
II = leg injuries from falls
Im = feet and ankle injuries from falls
In = toe injuries from falls
IVb = eye injuries from flying particles
VIIIg = back strains
IXn = toe bruises
*II1, Im, and IXn, each 5.8 per cent.
hand loading, save that they were equaled in number by eye injuries
(IVb) at Mine E. Back strains were still the most frequent injuries
under pit-car loading at Mines C and E, and second only to injuries to
the feet and ankles by falls (Im) at Mine D, and to toe injuries from
falls (In) at Mine G. Their nearest approach to average severity was
at Mine F under hand loading, where their relative severity was 0.98,
while at this mine under pit-car loading it dropped to 0.21. The rela-
tive severity is the ratio of the average time lost from a given group
of accidents to the average time lost from all loading accidents for the
mine and loading condition in question. For example, the average time
lost from all lost-time hand-loading accidents at Mine G was 17.0
days, while that from hand-loading back strains was 12.5 days. Thus
12.5
the relative severity of back strains was -, = 0.74 of that of all17.0lost-time hand-loading ccidents at
lost-time hand-loading accidents at this mine.
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The chief rivals to back strains in point of frequency were groups II,
Im, and In, although group IVb appears several times in the table.
These are, respectively, injuries to the legs, feet and ankles, or toes,
due to falls of coal or rock; and eye injuries from foreign bodies. The
injuries due to falls (Cause I), particularly those affecting the legs
(1) are usually more severe than the average accident, while the eye
injuries and back strains are less severe. This table brings out the fact
that at each mine the three most frequent groups of accidents account
for from one-fourth to one-third of all loading accidents, and that the
groups are almost the same from mine to mine. In fact, only two
groups of accidents may be said to play the major r6le, back strains
and injuries to the lower extremities (including the legs) from falls of
coal or rock. Of these two, the latter is by far the more frequent and
more serious contributor. The full effect of the frequency of these in-
juries from falls is lost in Table 21 because the lower extremities have
been sub-divided into three groups; the legs, the feet and ankles, and
the toes. Were they combined into a single division such injuries
would not only far exceed back strains in severity, but would out-
number them as well.
17. Accidents by Causes.-Disregarding the nature of the injury,
all the accidents and time lost from a given cause of accidents were
totalled for each mine-loading condition, and the totals reduced to a
percentage-of-accidents and relative-severity basis. From this an
analysis of the most frequent causes of accidents was made. This is
given in Table 22, which is analogous to Table 21. Here it is seen
that for each of the 15 mine-loading conditions represented, Cause I,
falls of coal or rock, is almost without a rival from the standpoint
of frequency, and that its injuries are with one exception (Mine C,
hand loading) of more than average severity. In fact, in most cases
they are considerably more severe than those of either of the next two
frequency groups. This clearly emphasizes the fundamental nature of
the hazard from falls. Not only do they produce more accidents than
any other single cause, but on the whole the resulting injuries are of
more than average severity. Certainly anyone attempting to improve
coal-mine safety should direct his attention first to falls.
In comparing pit-car and hand loading with respect to the rela-
tive frequency of accidents due to falls, it was found that they have
increased in every case. This does not necessarily mean an increase in
the accident rate from this cause (see also page 35), either on a pro-
duction or an exposure basis, because in Table 22 the frequency of
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TABLE 22
MOST FREQUENT CAUSES OF ACCIDENTS, ALL MINES
Hand Loading
Percentage
of Accidents
25.8
16.7
13.4
55.9
24.0
18.3
17.0
59.3
30.0
18.6
15.0
63.6
24.0
22.0
14.1
60.1
30.8
14.2
13.6
58.6
37.5
24.3
14.6
76.4
24.9
18.9
16.0
59.8
Relative
Severity
1.24
0.89
1.10
0.79
0.58
1.64
1.07
0.97
1.11
1.29
0.76
0.89
1.05
0.94
0.43
1.36
0.78
0.71
Pit-Car Loading
Cause
I
II
VIII
I
VIII
VI
I
VIII
V
I
VIII
V
I
VIII
VI
I
IX
VIII
Cause
Order of
Frequency
A
B
C
D
E
F
G
G
Explanation:
Cause I = falls of coal or rock
II = rolling or sliding coal or rock
IV = hit by flying particles; foreign bodies
V = hit by pick, axe, etc.
VI = hit or caught by loading device
VII = hit or caught by pit car (or undercutting machine)
VIII = actions resulting in sprains and strains
IX = contacts resulting in cuts and bruises, not otherwise classified.
Mine
I
IV
IX
I
II
VIII
I
VIII
VII
I
VIII
IX
I
VIII
V
I
VIII
IX
I
VIII
IX
Percentage
of Accidents
30.2
18.6
12.4
61.2
24.8
15.7
14.9
55.4
37.4
15.2
11.1
63.7
39.0
14.6
10.2
63.8
44.7
16.2
7.0
67.9
55.1
16.3
10.2
81.6
42.9
15.7
14.0
72.6
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
Relative
Severity
1.15
1.16
0.88
1.38
0.84
0.90
1.25
0.66
0.67
1.34
0.71
0.80
1.49
0.48
0.65
1.40
0.19
0.89
1.63
0.56
0.44
Mechanical Loading
I 27.3 2.26
V 14.8 1.00
IX 12.5 0.26
54.6
.... .. ....
.... .. ....
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accidents is expressed as a percentage of all accidents of a given
mine-loading condition, so that a reduction in accidents from one cause
must be supplemented by an increase in the proportion of accidents
from another cause or causes. What the increase in the percentage
of Cause I accidents under pit-car loading does indicate is that these
accidents are playing a relatively more important part under pit-car
than under hand loading, which makes it the more imperative to
concentrate attention on falls. Incidentally, with the exception of
Mine A, there was an increase in the relative severity of these acci-
dents under pit-car loading, as well as in their relative frequency.
This is also true under mechanical loading at Mine G.
Cause VIII, actions producing sprains and strains, principally push-
ing and lifting, stands second in frequency under both loading condi-
tions at Mines C, D, E, and F, third under hand loading at Mine B, and
third under pit-car loading at Mines B and G.. In only one case (Mine
B, hand loading) were these injuries of more than average severity
for their respective mine and loading condition, and in a number of
cases they were less than one-half in relative severity. With the ex-
ception of Mine E there was a decrease in the percentage of Cause
VIII accidents under pit-car loading. This indicates a decrease in the
amount of heavy lifting and pushing being done.
The next most persistent cause of accidents was Cause IX, contacts
(not otherwise classified) resulting in cuts and bruises. It appears four
times under hand loading (third at Mines A, D, F, and G) once under
pit-car loading and once under mechanical loading, both at Mine G.
In all of these cases it has been reduced in relative frequency under
pit-car and mechanical loading. This is probably largely due to the
elimination of the practice of "chunking" the pit car, in which the
fingers were often cut or bruised. In only one case (Mine D, hand
loading) was the relative severity of these accidents greater than 1.00.
Cause V, being hit by a pick, axe, carried rails, props, etc., is in-
teresting in that it appears in Table 22 three times under pit-car and
mechanical loading, but only once under hand loading. It is third in
the order of frequency under both loading conditions at Mine E, but
shows a reduction in both relative frequency and severity under pit-car
loading. It is third under pit-car loading at Mine D, and second under
mechanical loading at Mine G. In no case does its relative severity
exceed 1.00.
Cause II, rolling or sliding coal or rock, in contrast with Cause I,
falls, represents an attempt to distinguish between injuries resulting
from true falls of coal or rock whether in the roof, face, or ribs, and
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injuries resulting from the rolling or sliding of coal or rock down the
face of a pile of blasted material, or elsewhere. The latter is a very
common cause of accidents which are clearly quite different in their
origin from true falls of material in place, and so require different
methods of prevention. However, there is some doubt as to the ac-
curacy with which the two are distinguished in accident reports, and,
hence, as to the accuracy of the present tabulations as between Causes
I and II. Nevertheless it is thought worth while to include both classi-
fications in an attempt to emphasize a distinction between the two
kinds of accidents.
Cause II accidents were second only to Cause I accidents in rela-
tive frequency at Mine A under pit-car loading, and at Mine B under
both hand and pit-car loading. The fact that they do not appear
in Table 22 under hand loading at Mine A means that they have in-
creased considerably in importance there, under pit-car loading;
whereas at Mine B they have decreased in this respect a little. It is
impossible to say whether the fact that they do not appear elsewhere
in the table is due to their comparative infrequency at the other mines,
or to faulty reporting. One might suspect that the latter explanation
was the correct one save that some Cause II accidents were reported at
every mine, showing that they have some general recognition.
Cause VI, hit or caught by the loading device, appears twice in the
table, at Mines C and F under pit-car loading. This is a new cause
under pit-car and mechanical loading, of course, being inapplicable to
hand loading. This hazard represents a handicap to pit-car or me-
chanical loading inasmuch as all of its accidents must be counteracted
by decreases in accidents from other causes before any overall im-
provement in accident rates can be shown.
Cause VII, hit or caught by the pit car, appears but once in the
table-under hand loading at Mine C, where it is third in frequency.
This cause also includes the few accidents in which loaders were in-
jured by undercutting machines.
Before leaving Table 22 it seems worthwhile to call attention to the
fact that in every case the three most frequent causes of accidents
accounted for more than one-half of all the loading accidents; the
largest proportion being 81.6 per cent at Mine F, where 55.1 per cent
of the pit-car loading accidents were from falls alone.
Having thus considered the majority of the loading accidents from
the standpoint of their relative frequencies and severities by causes,
it is well to examine their absolute frequencies, or accident rates on an
exposure basis, and their average duration. This is best done graphi-
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FIG. 2. CAUSE I, ACCIDENT FREQUENCIES AND SEVERITIES, ALL MINES
cally. Taking Cause I accidents first, their frequency rate per 100 000
loading man-hours is shown for both hand and pit-car loading for
each mine in the left half of Fig. 2, and the average severity of the
injuries in the right half. Lost-time loading accidents only are
represented.
A glance makes it apparent that the increased relative frequencies
of these accidents noted under pit-car loading in Table 22, represent
increases in absolute frequencies on an exposure basis as well. These
increases are of major proportions at Mines C, D, E, and G, and that
at Mine F is by no means inconsiderable. Mine A suffered a slight
increase, while Mine B alone attained a decrease in the number of lost-
time accidents due to falls, on an exposure basis.
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Turning to the severity of injuries, shown in the right half of the
figure, we find that only Mine A enjoyed a decrease in the average
days lost per accident, under pit-car loading. The increase in severity
was nearly in the same ratio as that in frequency except at Mine F
where it is considerably greater, and at Mine B, where a decrease
in the frequency of Cause I accidents was accompanied by an increase
in their average severity. Thus it is found that the accidents from
falls of coal and rock, already the most numerous under hand load-
ing, have become not only more numerous on an exposure basis under
pit-car loading, but more severe as well. This is a situation which
calls for the best efforts toward a reduction both in the frequency and
the severity of these recurrent and damaging accidents.
Similarly, the Cause VIII (actions resulting in sprains and strains)
accident frequencies and severities are shown in Fig. 3, their rates
being much lower than the corresponding rates for Cause I accidents,
of course. Only Mines C and E experienced an increase in strains
under pit-car loading, that at Mine E being marked. However, at
Mine F these accidents were cut in half, while moderate improvement
was shown in this respect at Mines A, B, D, and G. Only Mines
F and G accomplished a reduction in the severity of Cause VIII
accidents, there being a sharp rise at Mine C, and lesser increases
elsewhere.
The corresponding data for Cause IX (contacts resulting in cuts
and bruises) are plotted in Fig. 4. There is less variation here, from
mine to mine, than for Causes I or VIII. Only Mines C and G had in-
creases in the frequency of these accidents, but there was no decrease
in their severity, unless the total elimination of such accidents at
Mine B under pit-car -loading be considered a reduction in severity as
well.
Summing up the data for the three most frequent causes of ac-
cidents it may be said that accidents from falls far outnumber those
from any other single cause under either method of loading, and that
they have increased in frequency (on an exposure basis) in all but
one of the seven mines included in this investigation. This is equally
true of the severity of the resulting injuries. As to the next two most
frequent causes (VIII and IX), decreases in frequncy under pit-car
loading outnumber the increases, but the reverse is true of the severity
of these accidents, which is less than the average, as a rule.
In view of the increased use of electricity in the loading zone in-
cident to the adoption of loading devices, it is interesting to note that
there were only ten injuries from electrical shocks and burns to pit-
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FIG. 4. CAUSE IX, ACCIDENT FREQUENCIES AND SEVERITIES, ALL MINES
car loader operators, and but one to mechanical-loading-machine oper-
ators for the periods under consideration at all mines. Six such in-
juries were incurred by hand loaders under that method of loading.
While there was some increase in the total number under pit-car and
mechanical loading, it is surprisingly small in comparison with the
enormous increase in the exposure of workers in the loading zone to
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electrical hazards. When it is realized that the adoption of pit-car
loaders in particular has brought into control of electrical appliances
many men who had been largely unfamiliar with the use of electricity
underground, the record bespeaks an order of ability and co6peration
in facing a recognized hazard, on the part of both men and manage-
ment, which is to be highly commended.
Before leaving the discussion of the causes of accidents, it may
be well to mention the result of a monthly tabulation of the Mine
D pit-car-loading accidents by causes, irrespective of the nature of
the injury. This was done to bring out, if possible, the nature of the
improvement which has been noted (page 25) in the frequency of these
accidents. While the occurrence of accidents is notably erratic, and
these are no exception, the tabulation made it clear that the improve-
ment has been in the middle group of accidents (Causes IV to VIII)
and not in those due to falls (Cause I). The remaining four causes
(II, III, IX and X) together account for but about one-eighth of the
total number of accidents and they need not be considered. There
was a pronounced decrease in Cause IV (hit by flying particles) from
about the middle of the period and in Cause VII (hit or caught by
pit car) even before that. Cause V (hit by pick, axe, etc.) shows
decided improvement in the later months, and Causes VI (hit or
caught by loading device) and VIII (sprains and strains) exhibit
favorable indications toward the end of the period. This means that
progress is being made toward greater safety in the routine opera-
tional aspects of the work, but not in combatting the overwhelming
hazard due to falls of coal and rock.
18. Classification by Injuries.-Just as, in the preceding section,
accidents have been discussed by their causes, irrespective of the
nature of the injuries inflicted, so they may now be discussed accord-
ing to the injuries, disregarding their causes. As has been stated
(page 29) the parts of the body subject to injury have been divided
into fourteen groups, and each lost-time loading accident has been
classified according to the part injured therein. Table 23 does for
the injuries what Table 22 does for the causes, in that it lists the
three most numerous injuries for each mine loading condition. Part
"g," the back, is found to be first in four cases out of five in hand
loading, and in three cases out of five in pit-car loading. It is not
among the first three injuries in either pit-car or mechanical loading at
Mine G. At only one mine (E) was there an increase in the percentage
of back injuries under pit-car loading. The relative severity of the
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TABLE. 23
INJURIES OF GREATEST FREQUENCY, MINES C-G
Hand Loading Pit-Car Loading
y Percentage
of Injuries
17.9
15.0
13.6
46.5
16.3
13.2
12.1
41.6
13.0
13.0
12.3
(12.3)
38.3*
19.4
13.2
11.8
44.4
16.4
14.6
14.6
45.6
IRelative
Severity
0.83
1.41
1.30
Part
Injured
g
g
f
m
m
n
in
n
g
n
Explanation:
b = eyes
e = hands and wrists
f = fingers and thumbs
1 = legs
*Total of first three only.
Part
Injured
g
m
e
g
m
n
n
f
mi
Order of
Frequency
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
1st
2nd
3rd
Total
13.6
13.6
11.4
(11.4)
38.6*
g = back
m = feet and ankles
n = toes
back injuries as listed in Table 23 ranges from 0.37 at Mine C under
pit-car loading to 1.08 at Mine G under hand loading. On the whole,
it is lower under pit-car than under hand loading.
The next most numerous entry in the table is the feet and ankles
(m). While they appear only twice under hand loading, they appear in
every group under pit-car and mechanical loading. This suggests that
there is an increase in the hazard to these parts with the introduction
of loading devices. At Mines F and G, the toes (part "n") seem to have
Mine
1.02
0.43
0.62
1.08
0.96
0.68
Percentage Relative
of Injuries Severity
22.2 1.16
13.1 1.03
11.1 0.37
46.4
14.6 0.90
14.6 1.34
12.2 0.70
41.4
16.2 0.88
14.5 1.12
13.1 1.87
43.8
18.4 0.43
16.3 0.74
16.3 0.88
51.0
18.2 1.10
14.9 0.49
10.7 0.73
43.8
C
D
E
F
G
Mechanical Loading
I
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fared worse under pit-car than under hand loading too. Leg injuries
(part "I") were very severe and numerous at Mine E under both
methods of loading. A glance at this table convinces one that to elimi-
nate heavy lifting and pushing, thereby reducing the back injuries,
and to protect the lower extremities from injury would vastly reduce
coal mining accidents. But since most of the injuries to the lower ex-
tremities are due to falls from which the only real protection would
seem to be the prevention of the falls, the main issue in underground
safety is again emphasized.
The only case in which the eyes (part "b") appear in the table
is at Mine G under mechanical loading, where they are tied with part
"n" (toes) in relative frequency. Their relative severity was but 0.20.
VI. SUMMARY AND CONCLUSIONS
19. Summary.-For each of seven large Illinois coal mines, which
are now using loading devices exclusively instead of hand loading,
the recent experience as to loading accidents has been compared with
prior accident experience under hand loading, the purpose being to
determine what effect the change from hand loading is having on
underground safety.
For the purposes of this study loading accidents only have been
included. They are defined as accidents occurring to men engaged
in a loading activity, and for this reason they are virtually con-
fined to the loading zone at or near the faces of rooms and entries.
The report of every underground accident, for the period in question,
has been scrutinized and the cause of the accident, nature of the in-
jury, and amount of time lost from work due to the injury have been
noted for the loading accidents. The corresponding production and
loading time, or exposure, were also obtained at each mine.
In computing the exposure under hand loading it was necessary to
take the total number of loaders' starts and estimate each as eight
hours of exposure. Under pit-car or mechanical loading the time of,
and accidents to, certain auxiliary workers were included in addition
to loaders or loading machine operators and their helpers. This in-
cludes the time of drillers and timbermen who do work formerly done
by the loaders under hand loading. It also includes the time of trim-
mers or facemen working about the loading machines, and of under-
ground loading machine repairmen, maintenance men, etc.
From suitable monthly tabulations of these data the frequency
of reported and lost-time accidents and the amount of time lost there-
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from were calculated both on a production and on an exposure basis.
A production of 100 000 tons and 100 000 man-hours of loading ex-
posure were adopted as convenient production- and exposure-rate
bases. The average number of days lost per accident was used as a
gage of the severity of accidents under the different loading methods.
The complete analysis of the data from one mine is followed
through as an example of the method used throughout the investi-
gation.
Pit-car loaders are being used extensively in all seven of the mines.
The results show that at five of these mines the introduction of pit-
car loaders has reduced the frequency of lost-time accidents per
100 000 tons. For all seven mines there was an average reduction
of about one-sixth of the hand-loading rate, under pit-car loading.
The time lost from loading accidents per 100 000 tons increased under
pit-car loading at four of the mines, the average increase for all mines
being one-fourth of the hand-loading rate.
While there was a reduction in the frequency of lost-time acci-
dents on an exposure basis under pit-car loading at three of the mines,
the differences were decidedly adverse to pit-car loaders at the other
four mines; the average increase in lost-time pit-car-loading acci-
dents per 100 000 man-hours being about one-sixth of the hand-load-
ing rate.
Only one mine showed a reduction in time lost on an exposure
basis. The average of the days lost per 100 000 man-hours for all
mines was nearly twice that of the corresponding average under hand
loading. This situation is confirmed by a comparison of the severity
of lost-time accidents under the two methods of loading, as there was
an increase of more than 50 per cent in the average severity of loading
accidents. Only one mine showed an improvement in this respect.
Thus it appears that while the use of pit-car loaders reduces the
frequency of accidents on a production basis, it tends to increase
their frequency and the time lost from work on an exposure basis.
In six cases out of seven there was an appreciable increase in the
severity of pit-car-loading accidents over hand-loading accidents.
Turning to mechanical loading, it is found that in the three
cases examined it has reduced accident frequencies on both bases of
calculation, and time lost on a production basis, as contrasted with the
former hand-loading rates. At two mines out of the three examined,
the results were unfavorable to mechanical loading with respect to
time lost on an exposure basis and the severity of accidents. Other-
wise the experience of these three mines indicates that full-mechanical
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loading represents an improvement over hand loading, as far as safety
is concerned.
A survey of the lost-time loading accidents by their causes as re-
lated to the resulting injury shows that two large groups of accidents
account for about one-fourth of all loading accidents under both hand
and pit-car loading. These are back strains due to heavy lifting and
pushing, and injuries to the lower extremities from falls of coal or
rock. The former group is, as a rule, of less than average severity
under either method of loading, and less frequent under pit-car than
under hand loading. The latter group is not only numerous and severe
under hand loading, but as a rule it is still more numerous and more
severe under pit-car loading.
Considered from the standpoint of cause alone, falls of coal and
rock far outshadow any other single cause both in the frequency of
accidents on an exposure basis and the severity of injuries. Further-
more, at six of the seven mines represented here they have increased
in both of these characteristics under pit-car loading. This situation
calls for concerted action toward the prevention of falls, on the part
of all concerned with coal mine safety.
The next most frequent causes of accidents are sprains and strains,
and miscellaneous cuts and bruises. As a rule they are of less than
average severity, although their severity seems to be increasing slightly
at most of the mines under pit-car loading. While decreases in their
frequency were a little more numerous than increases, the changes
were slight in most cases.
The back is the part of the body most subject to injury in
loading. Most of these injuries arise from heavy lifting. There
seems to be a slight reduction both in their frequency and relative
severity under pit-car loading. Injuries to the lower extremities rival
those to the back in frequency, but tend to exceed them in severity.
This is particularly true of the legs, injuries to which are often many
times the average in severity. The feet and ankles suffer a large share
of the more serious injuries of this kind, while the toes follow with
less serious ones.
20. Conclusions.-The uniformly favorable experiences of Mine
A under pit-car loading, and of Mine C under mechanical loading,
both showing improvement over hand loading in every item of com-
parison in Tables 18 and 19, is evidence that both pit-car and me-
chanical loading can be made safer than hand loading.
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To do this will require the directed efforts and the highest degree
of coSperation on the part of all concerned: the operator, the man-
agement, and the men.
Only in this way can a safety consciousness be developed through-
out the mine which will assure an unremitting vigilance on the part
of everyone toward the detection and removal of hazards.
Specifically, it seems impossible to over-stress the overwhelming
hazard from falls of coal and rock under all methods of loading, and
the fact that it is increasing under pit-car loading. Every effort must
be directed toward the prevention of falls before any substantial im-
provement can be made in loading safety.
Next to the prevention of falls, the elimination of heavy lifting
would go farthest toward reducing loading accidents. The use of such
protective devices as goggles while picking coal and "hard-boiled"
hats and hard-toed shoes for all underground work is recommended.
Finally, it would appear that a program of this kind, faithfully
persisted in, and reinforced by improvements to be expected in me-
chanical operations as experience accumulates, should go far toward
reducing coal mine accidents to a minimum.
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